Turkish Journal of Veterinary & Animal Sciences
Volume 44

Number 3

Article 26

1-1-2020

Sexual analysis in turkey (Meleagris gallopavo) neurocranium
using geometricmorphometric methods
OZAN GÜNDEMİR
ERMİŞ ÖZKAN
MUSTAFA ORHUN DAYAN
SEDAT AYDOĞDU

Follow this and additional works at: https://journals.tubitak.gov.tr/veterinary
Part of the Animal Sciences Commons, and the Veterinary Medicine Commons

Recommended Citation
GÜNDEMİR, OZAN; ÖZKAN, ERMİŞ; DAYAN, MUSTAFA ORHUN; and AYDOĞDU, SEDAT (2020) "Sexual
analysis in turkey (Meleagris gallopavo) neurocranium using geometricmorphometric methods," Turkish
Journal of Veterinary & Animal Sciences: Vol. 44: No. 3, Article 26. https://doi.org/10.3906/vet-1910-92
Available at: https://journals.tubitak.gov.tr/veterinary/vol44/iss3/26

This Article is brought to you for free and open access by TÜBİTAK Academic Journals. It has been accepted for
inclusion in Turkish Journal of Veterinary & Animal Sciences by an authorized editor of TÜBİTAK Academic
Journals. For more information, please contact academic.publications@tubitak.gov.tr.

Turkish Journal of Veterinary and Animal Sciences
http://journals.tubitak.gov.tr/veterinary/

Research Article

Turk J Vet Anim Sci
(2020) 44: 681-687
© TÜBİTAK
doi:10.3906/vet-1910-92

Sexual analysis in turkey (Meleagris gallopavo) neurocranium using geometric
morphometric methods
1

1

2

2,

Ozan GÜNDEMİR , Ermiş ÖZKAN , Mustafa Orhun DAYAN , Sedat AYDOĞDU *
Department of Anatomy, Faculty of Veterinary Medicine, İstanbul University-Cerrahpaşa, İstanbul, Turkey
2
Department of Anatomy, Faculty of Veterinary Medicine, Selçuk University, Konya, Turkey

1

Received: 28.10.2019

Accepted/Published Online: 28.03.2020

Final Version: 02.06.2020

Abstract: The aim of this study was to obtain morphometric data by applying geometric analysis to the neurocranium of the turkey and
to statistically reveal the differences between males and females using these data. In the present study, 14 (7 males, 7 females) turkey skulls
were used. The neurocrania of the samples were photographed and put into an electronic environment to be marked. Neurocrania were
examined from 4 different regions (caudal, ventral, dorsal, and lateral). Compared to PC1 obtained in dorsal sampling, the difference
between points 9 and 10 and 3 to 2 was significantly higher in males. Caudal examination showed that male samples were wider laterally.
In ventral measurements, it was seen that points 3 and 7 in the male were more anterior and point 1 was more posterior. The lateral
area was seen to be higher in females and longer in the anterior–posterior direction in males. The greatest statistical difference was seen
in landmark 4 (middle point of foramen magnum’s dorsal margin), obtained as a result of caudal geometric analysis (P < 0.001). The
conditions of the points determined in this study in comparison with each other were determined in the coordinate system, and the
differences were revealed. Geometric analysis was done in 4 different views, and statistical values were determined for sex differences
in the landmarks used.
Key words: Anatomy, geometric morphometry, neurocranium, turkey

1. Introduction
The skulls of the poultry were examined in 2 parts
(neurocranium and splanchnocranium), as in mammals
[1]. The neurocranium is composed of the occipital bone,
sphenoid bone, parietal bone, frontal bone, and temporal
bone. Unlike mammals, there is no interparietal bone. The
occipital condyle is also single in poultry [1,2]. Sutures
close at early ages in the bones of poultry. In adult poultry,
the borders of the sutures disappear and they become
indistinguishable [3].
The morphological and morphometric studies of
skull in poultry are presented in the references. The
differences between males and females have been revealed
statistically through morphometric measurements in a
study conducted with turkeys [4]. In another study, the
differences between guinea fowl and turkey have been
revealed by using the neurocrania of these 2 species [5].
In addition, in recent years, morphometric measurements
have been made on 3-dimensional poultry skull models
obtained using medical imaging methods [6].
Geometric morphometry is a kind of shape analysis
that has come into use in recent years. In this technique,

specific points are determined on the sample and
geometric shapes are obtained. These shapes are examined
independently from the original sample. The geometric
shape is analyzed using the distances, angles, and slopes
between these points [7,8]. The anatomical measurements
are limited in normal morphological anatomy. However,
these points are transferred to the coordinate system in
geometric morphometry, and more information and
better visualization are obtained [9]. A comparative
study has been conducted on geometric morphometry
and conventional geometric methods [10]; it was stated
in this study that the landmark method provided more
information.
Geometric analysis studies have been initiated in the
veterinary field. In a previous study, hare bones were
examined using the geometric morphometry method
to determine the differences between males and females
[11]. In mammals with large morphological differences in
the skull bones, differences within the same species have
been revealed with this method. According to the results
of the geometric analysis of the equine skull in different
domestic breeds, it has been determined that smaller
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species have shorter faces and wider skulls than larger
species [12,13]. In a study in which the skull bones of
Anatolian sheep and Akkaraman sheep were investigated
by geometric morphometry, percentages of the principal
component obtained as results of the study have been
reported to explain the differences between species [14].
In another study, the differences between these 2 species
were demonstrated by taking the measurements of the
mandible bones of both species [15]. In a study where the
morphometric variation of the skull was analyzed in the
Magellanic penguin, it was determined that the minimum
variation in the skull bones was in the development groove
of the salt gland, and the maximum variation was in the
extension of the temporal fossa [16].
Principal component analysis reveals dominant patterns
on graphics [17]. This method finds the eigenvalues and
eigenvectors of the matrix which comprises the distances
between the points determined on the shape. Eigenvalues
and eigenvectors are parameters used to assess the absolute
contribution of each of the principal component bands
[18]. The highest eigenvalue data result obtained is called
PC1 (principal component 1). The results of the analysis
obtained by geometric analysis programs are used to
reveal the differences between nonlinear shapes. By using
principal components, shape variations between groups
can also be compared and evaluated statistically [19].
The motivation of the study was not to examine the
skull of the turkey in terms of sex with the new geometric
morphometric methods; the aim of this study was to
obtain morphometric data using geometric analysis for
the neurocranium of the turkey, and to statistically reveal
the differences between the males and females using these
data.
2. Materials and methods
In this study, 14 healthy American Bronze turkey (7 males,
7 females) skulls were obtained from slaughterhouses
around İstanbul. The male and female skulls were separated
before the measurements were taken. The photos of the
skulls of the samples were taken using a Canon 650D at
a right angle from a distance of 20 cm. The photos were
then transferred to a computer. Macro shooting mode
was used for clarity in all photos. The study was approved
by the Local Ethics Committee of İstanbul University –
Cerrahpaşa, Faculty of Veterinary Medicine (approval
number: 2019/38; date: 19/09/2019).
The turkey neurocrania were examined in 4 different
regions, using 11 landmarks from dorsal examination
(Figure 1), 6 landmarks from caudal examination (Figure
2), 9 landmarks from ventral examination (Figure 3), and
5 landmarks from lateral examination (Figure 4).
In order to mark the landmarks, the photos were first
recorded as tps files using tpsUtil (v. 1.74). These files were
transferred into the tpsDig (v. 2) program in which the
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Figure 1. Dorsal landmarks; (1) Middle point of frontonasal
suture; (2) Craniolateral terminal point of os frontale (right);
(3) Processus postorbitalis (right); (4) Middle point of crista
temporalis (right); (5) Outermost point of crista nuchalis
transversa (right); (6) Prominentia cerebellaris; (7) Outermost
point of crista nuchalis transversa (left); (8) Middle point of
crista temporalis (left); (9) Processus postorbitalis (left); (10)
Craniolateral terminal point of os frontale (left); (11) Middle of
maximum neurocranial width.

marking was performed; each photo was marked one by
one. The marked data were converted into a text file and
opened in the Past (v. 4.01) program for statistical analysis.
The data were also converted into 2 dimensions for morphoJ
(v. 1.07a) morphometry software through this program.
Principal component analysis was applied in Past, and the
shape variations were obtained. Each principal component
was arranged based on order of importance. The morphoJ
(v. 1.07a) morphometry program was then used in order
to explain the changes caused by the results using visual
data. In this program, the visual printouts of the statistical
data obtained by applying principal component analysis
were taken again and the points of shape deformations
were determined. Canonical variate analysis (CVA) and
a discriminant analysis were performed using morphoJ.
The landmarks were connected to each other through this
program and the shape images were obtained. In order to
determine the difference between female and male more
clearly, the set scale factor as “5 number” and landmark
point as “12 number” were used.
One-way ANOVA test was done to statistically reveal
the difference between the females and males for the
landmarks examined in the geometrical plane. Sum of
squares and mean square were obtained. The difference
levels of landmarks among themselves were determined
statistically using F and T-tests (2 samples). In addition,
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Figure 2. Caudal landmarks; (1) Middle point of crista nuchalis
temporalis; (2) Terminal point of processus paroccipitalis (right);
(3) Terminal point of processus paroccipitalis (left); (4) Middle
point of foramen magnum’s dorsal margin; (5) Middle point of
foramen magnum’s ventral margin; (6) Middle point of ventral
margin of condylus occipitales.

Figure 3. Ventral landmarks; (1) Middle point of frontonasal
suture; (2) Craniolateral terminal point of os frontale (right); (3)
Point of processus postorbitalis (right); (4) Point of processus
paroccipitalis (right); (5) Condylus occipitalis; (6) Point of
processus paroccipitalis (left); (7) Point of processus postorbitalis
(left); (8) Craniolateral terminal point of os frontale (left); (9)
Point of rostral parasphenoidale.

graphics of 95% confidence analysis of the female and male
geometric features were applied; how many of the samples
were in this range was also shown with graphics. The Past
(v. 4.01) program was used for all statistical analysis.
3. Results
Thirteen principal components were obtained with
11 landmarks performed in dorsal sampling. Among
these components, the first principal component alone
constituted 39.6% of the total variation. The second principal
component constituted 17.12% of the total variation, and
the third principal component constituted 11.96% of the
total variation (Table 1). The first 3 principal components
explained 68% of sex discrimination with these rates using
turkey neurocrania. It was determined that the majority of
the samples used in the study were within the confidence
range of the 95% confidence analysis created between the
sexes on the ellipse graph. Only 1 male sample was observed
to differentiate from the females definitely. According to
PC1, the greatest differences between male and female
were observed at points 2, 3, 8, 9, 10, and 11 in the graphics
obtained using the morphology program (morphoJ). It was
found that the differences between points 9 to 10 and 3 to
2 were especially higher in males. The difference between
male and female in the frontal region in the neurocranium
was found to be lower (Figure 5a).
Eleven principal components were obtained with 6
landmark points applied in caudal measurements. The first
principal component constituted 51.89% of all variation.

Figure 4. Lateral landmarks; (1) Craniolateral terminal point
of os frontale; (2) Highest point of the skull; (3) Middle point
of crista nuchalis temporalis; (4) Terminal point of processus
paroccipitalis; (5) Point of processus postorbitalis.

The second principal component constituted 24.07% of
the total variation, and the third principal component
constituted 11.09% of the total variation. These 3 principal
components accounted for 87.05% of the total variation in
the male/female separation (Table 1). Caudal examination
showed that male samples were wider laterally. However,
in this part, as seen in points 1, 2, and 3, the occipital
region of females was longer than that of males (Figure 5b).
No difference was observed between sexes in the ellipse
graphic of 95% confidence. It was determined that all of
the individuals were in the confidence interval.
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Table 1. (PC) Principal component; (E) Eigenvalue; (V) Variance.
Dorsal

Caudal

Lateral

Ventral

PC

E

V%

E

V%

E

V%

E

V%

1

0.000487374

39.609

0.000613603

51.897

0.00236441

59.943

0.000333948

34.324

2

0.000210754

17.128

0.000284618

24.072

0.000809095

20.512

0.000265834

27.323

3

0.000147245

11.967

0.000131133

11.091

0.00038323

9.7157

0.000107935

11.094

4

0.000137309

11.159

7.94792E-05

6.7222

0.000182352

4.623

8.35076E-05

8.5832

5

6.35283E-05

5.163

3.37783E-05

2.8569

0.000137791

3.4933

5.88203E-05

6.0458

6

5.12112E-05

4.162

2.09934E-05

1.7756

6.3394E-05

1.6072

5.60519E-05

5.7612

7

4.88053E-05

3.9664

1.61927E-05

1.3695

4.14802E-06

0.10516

2.22476E-05

2.2867

8

2.81602E-05

2.2886

2.46268E-06

0.20829

5.59121E-16

1.4175E-11

1.80718E-05

1.8575

9

2.17052E-05

1.764

7.87489E-08

0.0066604

2.56226E-16

6.4959E-12

1.28019E-05

1.3158

10

1.47982E-05

1.2027

1.36361E-16

1.1533E-11

7.1953E-17

1.8242E-12

6.7117E-06

0.68986

11

8.00558E-06

0.65062

3.9273E-17

3.3216E-12

-

-

4.11592E-06

0.42305

12

6.0222E-06

0.48943

-

-

-

-

2.83521E-06

0.29141

13

5.53726E-06

0.45002

-

-

-

-

3.37279E-08

0.0034667

Nine landmarks were used in the ventral measurements,
and 13 principal components were obtained. It was
observed that the highest principal component value
constituted 34.32% of the total variation. The second
principal component constituted 27.32% of the total
variation, and the third principal component constituted
11.09% of the total variation. In the graphic of 95%
confidence analysis used for sex discrimination, it was
seen that 4 females and 6 males were separated from each
other. It was observed that all of the females were on the
positive side of the y plane and all of the males except for
one were on the negative side. In this part, it was seen that
points 3 and 7 in the male were more anterior and point 1
was more posterior (Figure 5c).
Five landmarks were used in lateral measurements
and a total of 10 principal components were obtained. The
highest principal component obtained in the study was
observed in the lateral region. This principal component
constituted 59.94% of the lateral variation (Table 1). It
was determined that the second principal component
constituted 24.07% of the total variation. The values of 6
males used in the study can be distinguished from female
samples using lateral landmarks, as seen in the ellipse
graphic of 95% confidence. This part was seen to be higher
in females and longer in the anterior–posterior direction
in males (Figure 5d). Furthermore, all of the individuals
were in the confidence interval in lateral measurements.
The ellipse graphic of 95% confidence for all
examinations relating to the sex discrimination of
individuals is presented in Figure 6.
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Table 2 shows the statistical differences in caudal,
dorsal, lateral, and ventral landmarks for female and male
individuals using one-way ANOVA. Sum of squares and
mean square values were obtained. The statistical values
that the landmarks used in each geometric analysis to
reveal the differences between the sexes are given in Table
3. The greatest statistical difference obtained as a result of
caudal geometric analysis is seen in landmark 4 (middle
point of the foramen magnum’s dorsal margin) (P < 0.001).
4. Discussion
In this study, sex determination was attempted using
geometric morphometry in turkey skulls. For this purpose,
markings were performed and examined by taking
samples in 4 different examinations. The highest statistical
differences between males and females were observed in
lateral and ventral examinations. It was observed that
the difference between sexes in the postorbital process,
for which the geometric method was applied, was at
significant levels in ventral, lateral, and dorsal samples.
The conditions of the points determined in this study
in comparison with each other were determined in the
coordinate system, and the differences were revealed. In a
normal morphometric study, it was reported that all of the
measurements in the turkey skull were greater in males
than in females [4].
It was reported in a geometric analysis study conducted
with poultry that the differences between species were
revealed using the landmarks determined in the skull. In
this study, in which sex determination was not performed,

GÜNDEMİR et al. / Turk J Vet Anim Sci

Figure 5. Linear representation of shape differences for the first principal component (morphoJ).
Points represent female samples. The extension line of the points shows the size and in which direction
the male samples differ from the female samples. (a) Dorsal examination; (b) Caudal examination;
(c) Ventral examination; and (d) Lateral examination.

Figure 6. Graphic of 95% confidence analysis. (a) Dorsal; (b) Caudal; (c) Lateral; (d) Ventral. Red line: Female; Blue line: Male.

it was found that the principal points where the differences
between the species were revealed were beak length, beak
depth, and neurocranium length. In another research
done in Magellanic penguin, the maximum variation was
determined in the extension of the temporal fossa [16,20].

In the present study, it was observed that the postorbital
process was the major principal landmark point which
revealed differences between the sexes.
The neurocranial part of the skull is used for species
separation as well as for sex determination [21]. In a
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Table 2. Sum of squares and mean square values obtained as a result of one-way ANOVA.
Landmarks

Sum of squares

Degrees of
freedom

Mean square

F

P

Caudal

6.61886

5

1.32377

1.921E04

1.154E-117

Dorsal

4.78119

10

0.478119

1.123E04

1.939E-200

Lateral

3.83012

4

0.95753

1930

6.212E-66

Ventral

3.10976

8

0.38872

8569

5.755E-157

Table 3. Statistical differences of the landmarks on the coordinate plane for female and male individuals.
Landmark
number

Dorsal landmarks

Ventral landmarks

Caudal landmarks

Lateral landmarks

f

P value

f

P-value

f

P-value

f

P-value

1

3.3322

0.38428

4.3068

0.013078

6.3347

0.002120

2.2766

0.15113

2

1.4755

0.4928

1.1442

0.81173

1.458

0.50613

1.1447

0.81122

3

1.6705

0.36673

1.2356

0.70852

1.6597

0.37274

4.5179

0.010565

4

1.4445

0.5166

1.3602

0.58711

7.6313

0.000820

1.0789

0.89313

5

1.7468

0.32696

2.1026

0.19364

4.5836

0.009898

3.9182

0.019718

6

1.9114

0.25594

1.0498

0.93157

1.0798

0.89198

-

-

7

2.0737

0.2019

2.9823

0.058998

-

-

-

-

8

1.1936

0.75448

1.8389

0.28494

-

-

-

-

9

1.2488

0.69462

5.1485

0.0057918

-

-

-

-

10

4.4169

0.011691

-

-

-

-

-

-

11

2.3311

0.14004

-

-

-

-

-

-

previous study, the neurocrania of guinea fowl and
turkey were compared, and the differences between the 2
species were reported [5]. In another previous study, the
neurocranial bones of Dalmatian pelican were examined,
together with the facial bones, and the results were
reported [22].
As stated before, the neurocranium of poultry is used
in taxonomy and sex determination. In addition, data on
eating habits and causes of mortality for animals living in
the past have been obtained by examining this part of the
skull in particular among the bones of these animals [23].
It is considered that the output of the present study and

data for such bones found in excavation areas may be used
in sex determination; furthermore, the data may help in
determining taxonomy.
By using geometric morphometry, differences among
species can also be demonstrated along with the sexual
analysis. This method may also be used in age range
determination. In addition, after preparing the reference
information, it is thought that conditions which involve
abnormal skeletal structure may be determined with this
method, as well as clarifying morphological variations;
this kind of information may be useful in terms of clinical
information in the future.
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